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FOREWORD

The work described in this report is part of a continuing research
project entitled "Applied Polarography for Analysis of Ordnance Materi-
als." This woik is supported by the Naval Sea Systems Command, Code
0332, under Task Area Number SF57572301 and represents a final report
on Phase I of the work covering the period fiscal years 1975 and 1976.

Phase I of the work is divided into two final reports under the
above general title. Part 1 is "Determination and Monitoring of 1,2-
Propyleneglycoldinitrate in Effluent Water by Single-Sweep Polarography"

and Part 2 is "An Inexrensive Solid-State Field Polarograph With Digital
and Analog Output.”

This report has been reviewed for technical accuracy by Dr. Arnold
T. Nielsen, Robert L. Fowler, and Gordon R. Doyel.
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INTRODUCTION

The manufacture, storage, anc¢ disposal of ammunition, propellants,
fuels, and other ordnance material have resulted in the release of many
tuxic organic and inorganic substances to the environment. At present,
the Navy cannot rely on standard methods of analysis for many of its
ordnance compounds of concern in pollution control, as either no method
exists or the reliability of a method has not been established for
environmental samples at the part-per-billion level needed fn this work.

The technical objective of this research program is to apply modern
polarography and related electrochemical techniques tc the analvsis of
ordnance-related materials where reliable analytical methods are lacking.
The work initially has been directed toward the analysis of explosives!—?
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! Naval Ordnance Laboratory. ¢ Ezplosives in
Seaquwater, by J. C. Hoffscomer and 3. 3. Roseni ﬁhite ﬂak ¥é., NOL,
August 1971. 13 pp. (%OLTR 71-151, publication UNCLASSIFIED.)

< p. J. Glover and J. C. Hoffsommer. "Thin-Layer Chroma’graphic
Analgsis of HMX in Water,” Bulleiin of Enviromme: carination and
¥, Vol. 10, No. 5 (1973), pp. 302-04.

* J. C. Hoffsommer. "Quantitative Analysis of Nitro Compounds in
the Micro~ to Picogram Range by a Combination of Thin-Layer and Vapor
Phase Chromatography with the Nickel-63 Electros Capture Detector,” <.
C?”Uﬁ£§:¢?., Vel. 51 (1970), pp. 243-51.

* G. C. Whitnack. "Deteraination of Trinitrotoluene in Warhead
Exudates by Linear Sweep Polarography," 4nil. Crem., Vol. 35 (19€3), pp.
970-73.
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& J. S. Hetman. "Application of the Cathode-Ray Polarograph to the
Analysis of Expies;ves,“ Advance Polarog: ., Proc. Int. Conar,, 2nd,
Ioﬁgr* i:7, Vol. 2 (1960), pp. 640-46.

7°3.'S. Hetman. "Simultaneous Polarograpi-ic Determination of
Pentaerythritoltetranitrate and Cyclotrimethylenetrinitramine,” Anal.
Chers., Vol. 32 (1960), pp. 1699-701.

€ J. S. Hetman. "Polarography of Explosives,” Z. inal. Chem., Vol.

? ¢. C. Whitnack, "Single-Sweep Polarographic Teckniques Useful in
Micropollution Studies of Ground and Surface Waters,” 4nai. “rem., Vol.
47 (1975), pp. 618-21.
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such as 1,2-propvleneglycoldinitrate (PGDN), 1,3,5-trinitro~1,3,5-
hexahydrotriazine (RDX), 1,3,5,7-tetranitro-1,3,5,7-tetraazacyclooctane
(HMX), nitroguanidine, and 2,4,6-trinitrctoluene (TNT) that are connected
with Navy-ordnance related facilities. The techniques studied emphasize
analysis directly at the part-per-billion level in natural, vaste, and
effluent water without the necessity for a prior separation or concen-
tration of the explosive from the water, and finally a procedure that

can be automated and used in the field on a continuous basis.

It is the purpose of this report tc present and discuss a specific,
rapid, and reliable single-sweep polarographic method of analysis for
PGDN in effluent water that is obtained from a carbon adsorprion process
used to remcve this explosive from a wastewater containing large amounts
of a torpedo fuel known as Otto Fugi. The analytical procedure and
monitoring system was developed in this laboraiory and 3= currently
awaiting an on-line test at the Naval Torpedo Station, £zyport, Washing-
ton, with the carbon adsorption process being tested there.

A field polarograph has been built recently in this laboratory and
with laboratory tests both an analog and a digital unit give data that
compare favorably with data obtained by a vapor phase chromatougraphic
procedure“s currently being used at Keyport to determine PGDN in efflu-
ent water. The portable polarographs are inexpencive, solid-state,
weigh approximately 13.2 kg (6 1b) each, can be battery operated, and
vill produce hoth digital and analog data in seconds during individual
or continuous analysis. The instruments (prototype models) are ready
for on-site testing in connection with the analysis of PGDN or other
compounds of interest to the Navy. A brief description of the circuitry
and operation of the field polarographs, with discussion of the entire
polarographis wonitoring system and analytical procedure for PGDN in
effluent water, is oresented in Part 1 of this report. Part 2, "An
Inexpensive Solid-State Field Polarograph With Digital and Analog Out-
put,” describes in detail the circuitry, operational characteristics,
and performance of the field polarographs.

Further worik is being carried out on "Applied Polarography for
Aralysis of Ordnance Materials" and phases of this work wiil be reported
as the work is completed.

APPARATUS AND MATERIALS

A siayle-sweep polarograph with a dropping mercury electrode (DME),
known as re A-1660 Davis differential cathode-ray Folarcirace and
manufactured by Southern Analytical Instruments Company, England, was
used to e¢stablish the uptimum conditions in the laboratory for the
analysis of PGDH in the effluent water obtained from the carbon adsorp-
tion arparatus used to remove this explosive from Jifc Fus! wastewater.
A Moseley 2D X-Y recorder was used to record the data obtained with this
instrument and also data obtained with the field polarographs described
in this report.

&
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The complete digital polarographic monitoring system for field or
laboratory use is shown in Figure 1. The digital polarograph (digital
and/or X-Y data) is shown at the left with a DME constant temperature
stand and small volume cell with a stainless steel cylinder (right) for
controlling the solution temperature in the large quartz cell shown in
the foreground. The DME is inserted into the effluent water sarple
contained in the cell which has been previously placed inside the con-
stant temperature device. Three solid (carbon-type) electrodes are
shown in this figure (left) as potential replacements for the DME in the
field, where use of mercury might be prohibitive. The use of these
solid electrodes with tke system described is the subject of current
research in this laboratory.

Figure 2 shows the analog field polarograph (X-Y or strip chart
recorded data) with polarographic cell, constant temperature device, and
carrying case. This instrumsent has several controls on the outside
panel to allow greater versatility in establishing the optimum condi-
tions for the analysis of different pollutants in aqueous media. 1In the
digital polarograph the analytical parameters are preset inside the case
to perform a certain analysis. This ensures that no external knobs are
turned which aight alter the output data during field analysis.

The polarographic measurements were made at 25°C + 0.10°C on 2 ml
of water placed in a 5-ml capacity quartz cell for most of the labora-
tory studies. The field polarographic cell holds larger volumes of
water and when used with the field polarographs about 15 ml of effluent
water is retained in the cell during a measurement of the concentration
of explosive. A small stainless steel constant temperature device was
built to keep the temperature of the efflueni water in the cell to 30°C
+ 0.2°C in the field.

The DMEs used in this work had drop times of 7 seconds in distilled
warer on open circuit and m = 5 to 7 mg per drop of mercury. Redistilled
mercury vas used as an anode and for the DME. The current peak poten-
vials are referred to a mercury pool or to a saturated calomel electrode
as reference. Since the electroactive specie concentrations measured
in this work are extremely low (10~° to 10™° M), the currents are very
small and the velue of the internal resistance (iR) correctiun is there-
fore negligible. pH Measurements vere made with a Beclman expanded-
scale pH meter,

The PGDN w/2d in this study was nbtained from the Naval Ordnance
Station, Indiss Heud, Maryland, and was especially purified at that
Station to a {e¥zi of 99% or better. The polarograms obtained with this
material were found 9ropcrtionai to explosive concentration over a range
of 5X 10~° te * 10”7 g/ul. Standard solutions of the explosive were
prepared in spuitroquality acetone, obtained from Hatheson, Coleman and
Sell. These rulutinns were prepared in the 10-“~ to 10~°-g/ml range
and then micrealiquots (0.0) to 9.C5 ml) were added directly to the
water sample ir tiz polarographic cell for analysis.

5
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NWC TP 5860, Part 1

The effluent water used in this work was obtained from the Naval
“orpedo Station. It was representative of Ottc Fuel wastewater that had
passed through several columns of activated carbon to remove the explo-

sive PGDN. The wastewater was a mixture of fresh anu seawater contami-
nated with Gtto Fuel.

Water obtained from the charzoal cleanup process contained enough
ionic conductivity to serve as an excellent electrolyte for single-sweep
polarography. The pH of this water was 6 to 8. No interference from
ions such as Cu?t, Pb?", and Cd°" were observed with this effluent;
thus, the region of voltage where the PGDN gives a polarographic wave
(-0.30 to -0.80 V versus Hg pool) is free of interference from the ions
that are most commonly found in this region in natural, waste, and
seawater, Thz limit of detection of these ions, with the polarographic
technique described in this report, is 20 parts-per~billion and would
indicate that the effluent water used in this study was free of cu?t,
Pb?t, and Cd?T to the 20 varts—per~billion level, If metal ions of this
type are encountered in a concentration above 20 parts-per-billion in
the effluent water, they may be removed from interfering in the analysis
of PGD!i by the addition of a part-per-million solution of ethylenedia-
minetetraacetic acid (EDTA).

If the pH and/or ionic content of an effluent water are found to
vary considerably, then a buffer near a pH of 7 and of constant fonic
strength should be added to the a..iquot of effluent water before a
polarographic measurement is made. This ensures that the peak potential
and total current for PGDN, or other organic material of interest in the
voltage range of sweep, do not change with the samples of effluent water
being analyzed.

FIELD POLAROGRAPH

A circuit diagram of the field polarograph is shown in Figure 3.
A detailed description of the circuitry, operational characteristics,
performance, etc. of the polarographic field un®t is given in Part 2
of this report.

Originally, the field polarograph was to be dasigned after the
A-1660 Davis Polarotrace using digital circuitry. However, it soon
became apparent that in order to perpetuate the timing sequence produced
by the A-1660 electron tube version an unalog unit would have to be
built, and the output converted to a digital word, The field unit con-
nects directly to the A~1661A DME stand (Figure 1) and the electrical
requirements to operate the stand are designed to be the same as those
of the tube model. Adjustments are provided within the field unit to
facilitate setting the scaling of these plots. Integrated circuitry is
incorporated throughout the design with a minimum of discrete components.
The unit is completely self-contained and is very compact. Most of the
weight is attributed to the self-contained power supplies. A battery

8
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pack can be connected externally, making the polarograph truly a field
unit.

A block diagram of the field polarograph is shown in Figure 4. A
description of the components in each block and discussion of their
functional operation in the integrated circuitry of the instrument
follows.

Clock. The master clock, running at a metustable state, is designed
to control the synchronization and ¢{iming of the DME, sweep circuitry,
timing of the potential across the cell, sampling seiaction, 2nd the
timing of the analog-to-digital conversion. The circuit consists of a
pulse generator with the capability of a variable pulse width and delay.

Sync Control. The time interval controlling the formation of the
mercury drop and its removal is the responsibility of the sync control
circuit. This stage takes the metastable clock pulses and delays and
shapes them, so that the drop of mercury is at a maximum size just prior
to and during the sampling. Immediately following the sampling, the
drop of mercury is removed from a capillary tube by the actuation of a
solenoid. Since the master clock controls this circuit as well as the
potential across the cell, sampling is assured of being taken at pre-
cisely the correct time.

Sweep Generator. The vurpose of the sweep generator is to produce
a sweep potential to be 2 ‘ed directly to the cell, and at the same

time produce a driving si . for the "x" amplifier. The sweep gu.nera-
tor produces a linear ramp irectly in concert with that of the clock
timing pulses, which assur -at the cell readings are taken at the

correct time.

X-Amplifier. In order to record and visually see the results of
DME polarography, it is necessary to produce a drive signal n the x-
ordinate. The signal to the x-amplifier is taken direcily freu the
sweep generator and amplified by the action of a linear amplifier. It
is then taken to an external output from which it can be connected to a
piece of peripheral equipment. A provision has been incorporated where-
by this signal may be varied making it possible to control the length of
the linear sweep. This is sometimes desirable when one wishes to expand
or reduce the wavefront recording.

Start Potential. This circuit consists of a differential amplifier
constructed to algebraically add a DC potential to the sweep signal.
This potential is used to determine or identify the unknown substance in
solution, and because of this it must be accurately controlied and moni-~
tored. In conjunction with this circuit is an analog meter used to
monitor the DC potential placed across the cell prior to and during
polarographic readings. Start potentials may be either positive or
negative and are selected as such by the operator.

10
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Power Amplifier. Prior to this circuit there has been no amplifi-
cation of sweep or start potential ot sufficient magnitude to drive a
signal across the cell without some loss or distortion., In order to
prevent this situation, a power amplifier is inserted at this point.
The circuit features a low standby curvent, yet contains a high current
drive capability with excellent linearity.

Cell Amplifier. The main purpuse of the cell amplifier is to con-
veri the current sigrzls from the cell into a voltage and at the same
time amplify these signals up to a point wherc they can be further
processed. Twelve positions of current gain are readily accessible for
selection by an external dial. Another desirable attribute of this cir-
cuit is that it has an extremely high input impedance — a necessary
quality to keep from loading the cell, resulting in erroneous readings.
Since cell currents dealt with in this circuit are in many cases in the

nanoampere region, care in selection of components associated with this
current is essential.

Summing Amplifier. Voltage signals from the rell amplifier contain,
in addition to signal information, a slope due to the sweep amplifier.
In order to minimize this slope, these signals are susmed algebraically
with negative slope signals from the offset amplifier.

Low Pass Filter. When detecting very low level signals, the gain
of the cell current amplifier is increased. This increase in amplitude
also increases unwanted random noise. In order to remove or greatly
attenuate this noise and increase the signal-to-noise ratio, an active
filter is incorporated. Signals not occurring within the time domain
of the sampling period zre attenuated to such a degiee they cannot be
seen af the output.

Cu:-rent Compensation. Occasionally, there is a signal jump from
zero to some positive potential due to an electrical characteristic of
the cell and the intense gain of the current amplifjer. In order to
minimize and compensate for this, a current compensating network is
used. This circuit is externally controlled and compensation is made
by simply adjusting a potenciometer.

Y-Amplifier. The final ordinate to be displayed on the external
equipment is the vertical information, comprised of the analog signals
produced and amplified from the cell. Until now the signal information
has been of a low level amplitude. It is now necessary to magnify this
to such an extent that it may be recorded and displayed as useful infor-
mation. To accomplish this task a high gain voltage amplifier is employed.
Another useful part of this circuit is a y-positioning unit.

Analog-to-Digital Converter. Actually, this part of the field
polarogrzph consists of two circuits: a sequencer and a modular analog-
to-digital converter, with a connection to the outside to facilitate in

12
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the external storage of digital information. Information ig taken
directly from the y-amplifier and fed simultaneously to the analog
ostput as well as the analog-to-digital convevrter. The sampling rate is
determined by a sequencing circuit which is set to run at 10 samples/
second. However, there is also a switch that can be actuated so that
the converter will run at an external rate compatible with a piece of
peripheral equipment. Each analog voltage is converted to a 12-bit
digital word at an accuracy of + 1/2 least significant bit. Polaro-
graphic samples can be run with or without this vnit. In the laboratory
it might find 2n additional use as a means of viowing Lhe output of the
polarograph on a multichannel analyzer, or storage of the digital infor-
mation on magnetic tape for future reference.

EXPERIMENTAL

POLAROGRAPHIC ANALYSIS FOR PGDN (WITH FIELD POLAROGRAPHS
AND A-1660 POLAROTRACE)

Laboratory and Field Samples (Procedure)

A 2-ml or larger aliquot of a natural or efiluent water sample is
placed in a 5-ml or 15-ml capacity quartz cell to which a small volume
of mercury has been added as the anode; the DME, serving as the cathode,
is then lowered into the water sample in the cell, which is placed in
the constant temperature device and brought to constant temperature. The
solution in the cell is now flushed with oxygen-free nitrogen for 3 to 4
minutes to remove all the interfering dissolved oxygen from the water.
The start potential of the single-sweep polarograph is set at =0.53 V
versus Hg pool and after several sweeps a polarogram is recorded with
the X-Y recorder. A typical polarogram for PGDN in effluent water is
shown in Figure 5, curve A. A microaliquot of standard PGDN solution is
then added to the cell solution and the procedure is repeated. This is
known as the standard addition technique and a simple calculation of the
PGDN concentration in the sample cai.. be made from a ratio of the two
recorded polarogram waveheights. The waveheight for the sample may also
be referred to a standard curve of waveheight versus PGDN concentration
previously prepared from fresh PGDN solution. The standard curve should
be checked frequently if this method is used in the calculation.

In the field a glass cell of the type shown in Figure 1 is placed
inside a stainless steel cylinder that controls the temperature of the
cell solution to + 0.2°C during the polarographic analysis. The cell
was designed for individual or continuous snalysis so that the mercury
buildup in the cell will be automatically removed when the mercury level
reaches the top of the center tube. The cell can be used for about 120
hours of continuous operation before the amount of mercury collected
from the DME will reach the level to drain. The cell volume is abour
15 al total capacity and with the DME positioned precisely in the center
of the cell there is always enough solution in the cell to cover the DME
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during the analysis. Since the polarograph measures coacentration, the
cell volume is not critical in the analysis; however, sufficient time
must be allowed for complete replacemenr of the aunilyzed solution in
the cell with new solution before each » , 1~3is is made.

Digital Polarograph and Monitorins 5y: =

If the digital polarograph (Figu:- ! s used for the znalysis,
a digital comnt is recorded in the easy v :w window of the instrument
every 28 seconds after the analytical prc -zdure above has been followed
through the nitrogen flush stage and ("¢ .~ " rument has been turned on
with the start potential agsin set at -£.. . V. The window setting for
the digital polarograph recording i3 sin--. .a Figure 5, curve B. Thus,
it can be seen that the instrument recor<: a number for the largest
current in the voltage range where the complete polcrogram for PGDN is
seen. The peak potential for PGDN cccurs at -0.75 V. This is well
within the window setting for the analysis of a low concentration of
PGDN such as present in the efflvent water from the carbon absorption
process. A digital count change of about 100 with the rolarograph
represents about 20 parts-per-billion change in PCON concentration in
the effluent water. A preselectel number, representing a critical
concentration of PGDN, is set int> the concentration select window on
the polarograph and an alarm built into the instrument will bte set >ff
if the cuncentration (digital number) exceeds thic number by cre digit.
For example, if a concentration of 100 parts-per-billiun is unaccep=abla
in the effluent water, then a nuaber of 750 (representing that concen-
tration and previously determined in standard addition experiments) is
dialed in. The alarm will =:r sound a: long as the concentration of
PGDN in the effluent water remains less than 100 parts-per-billion, but
it vill sound as soon as the dialed-in number (750) is exceeded by one
digiz (751) in the digital number showing in the easy view window of the
polarograph. The digital number repeats every 28 seconds and a plant
operator car push a reset button aL any time to obtain & new reading to
verify the concentration of PGDN in the effluent stream. This process
can be rcpeated as many times as necessary to confirm water purity in
PGDN.

RESULTS AND DISCUSSION

The polarographic analytical procedures, field polaroiraphs, and
complete monitoring system devaloped in this laboratory have been used
successfully at Naval Weapons Center (NWC) to determine and monitor
PGDN in effluent water of the type discussed in this report. The lower
limit of detection is 20 parts-per-billion and concentrations as low as
50 parts-per-billion of the erplosive caa be monitored and deteimined
within £ 5 to 10X of the true amount present in the water. An individual
analysis for PGDN can be performed on a 2-ml aliquot of effluent water
within 5 minutes and during continuous operation a concentration reading

15

O o i S




NWC TP 5860, Part 1

can be obtained every :8 seconds with the digital polarograph and every
7 secuids with the analcg polarograph.

Data obtained for PGDN concentration in typical effluent water from
4 carbon adsorption process, with the digital polarograph and monitoring
system described in this repe:z:, are shown in Tasble 1. The data compare
favorably with data obtained by both the thin-layer and vapor-phase
chromatographic methods.Z>? A range from 0.10 to 1000 ppm PGDN could be
measured satisfactorily with the poiarographic monitoring system. Sam~
ples containing over 150 ppm PGDN needed to be diluted before analysis.
Either KC1 or NaCl (0.1 M) solution could be conveniently used for this
dilution. Well defined polarcgrams vere observed in all cases for ana-
lytical purposes.

TABLE 1. Polarographic Analysis of Effluent and
Wastevater for PGDN (Data Obtained
with Field Polarogragh).

Sample pH PGDH, ppm
Effluent No. 1 7.50 0.12
Effluent No. 2 8.05 0.37
Effluent No. 3 £.35 0.35
Column No. 1 6.90 2.06
Column No. 2 7.10 1.91
Column No. 1A 8.40 1.54
Feed, pretreated 6.50 167.00
Feed, original wastewater 6.20 1062.00

Table 2 shows typical analog and digital data obtained on the .ame
sam; le of effluent water with the digital field polarograph operating
withk the auxiliary monitoring equipment. A digital counc change of 100
repuasents a PGDN concentration change i{n the effluent water of 20
parts-per-billion. The X-Y recorder showed only a 1.0 division change
on graph paper (10 X 10 to 1/2 inch) for this change in PGDN concentra-
tion. Thus, the digitally recorded data reflect mure sensitivity to &
sligiht change in PGDN concentration in the effluent water obtained from
the carbon cleanup columns.

Standard additions of a pure PGDN solution to 2-ml aliquots of the
effluent water showed that thi. explosive gives well defined polarograms
directly in this sedia, with waveheights that are proportional to con-
centration over the range of 10~ to 10~ g/ml. A poiarogram of this
type can be recorded every 7 seconds with the field poclarographs. The
digital version records an average current taken from four successive
7-second mercury drops from the DME, and a digital count, representing
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the total current reached at the peak potential within the voltage
window setting of the instrument, is seen in the easy view window of
the polarograph every 28 seconds. The current-voltage relationship can
also be monitored with an oscilloscope.

TABLE 2. PGDN in Effluent Water (Analog and
Digital Polarographic Data).

X-Y Digital PGDN conc?,
Recorder® count? Ppm
8.0 1.205 0.19
9.0 1.312 0.21
10.0 1.407 0.24
12.0 1.628 0.29

— —~——

2 Graph paper divisions 10 X 10 te 1/2 inch.
Average of six counts (cell current = 1l1).
Determined by standard addition technique.

G M
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A two-electrode system of DME versus Hg pool was used in most of
this analytical work where small currents are being measured, as the
potential of the Hg pool (reference electrode) remained relatively
constant over the entire swall applied potential range used for the
analysis of PGDN in the type of effluent water obtained from the carbon
absorption process. A three-electrode system should be used if poten-
tial changes might occur in the reference electrode during the analysis.
Most commercially available polarographs make use of the three-electrode
system, where the potential applied to the polarographic cell is auto-
| matically controlled on a continuous basis to compensate for the effects
= of electrolyte resistance. The resistance of the carbon adsorption
1 effluent water (electrolyte) was found to be relarively constant and did
= not seriously affect the analytical results when a two-electrode systes

was used. A saturated calomel electrode could conveniently be used as
= the refercnce electrode with a DME and Hg pool in a three-electrode sys-
tem, for the analysis on a continuous basis in the field where uncer-
tainties and/or changes in the quality of the effluent water could
affect the analytical data.

Staic-of-the-art sathods sometimes sake it possible to eliminarte
concentrating a sample. This appears to be true in the cage of the car-
bon adsorption column effluent when the concertration of the explosive
pollutant is still large enough to determine it directly in the media

= without interference from other contaminants that have been removed by
E the carbon.
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CONCLUSIONS AND RECOMMENDATIONS

A simple, rapid, and unique single-sweep polarcgraphic analysis

with new field instrumentatjion for specifically monitoring the explosive
PGDN in effluent water has been developed in this laboratory. The
analytical technique and equipment are described in this report and are
applicable to both laboratory and field use for the analysis of many
other organic and inorgamic pollutants in natural and effluent water.
It is suggested that the polarographic procedure and instrumentation
developed for the analysis of PGDN be extended to other amenable com—
pounds of Navy interest such as HMX, RDX, INT and derivatives, nitro-
guanidine and tetranitromethane.

A series of tests designed to show the relisbility of the analyti-
cal procedure and complete monitoring system under operating conditions
at tast sites is needed. These tests should show if the present moni-
toring system concept is well suited to in situ measuresent.

Since no Environmental Protection Agency- or American Society for
Testing and Materials-approved methods of analysis exist for explosives
and many other organic pollutants found in water in the environment,
the polarographic procedures described in this report should be investi-
gated by the Ravy as potentially approved methods, particularly with
regard to legal environmentai problems the Navy may have with ordnance-
relarted facilities.
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